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Abstract 

 

Agricultural user must rely on poor quality water to suuply food and fiber for a growing population. Therefore, 

exploring the salinity tolerance potential of high value marketable horticultural crops is justification for 

consideration of such species in systems as they require high inputs of water. Hence,a two years study was 

conducted to evaluate the tolerance of garlic plant towards combined effect of ECiw and RSC of irrigation water 

on its vegetative growth, yield and yield components. Cloves of garlic were planted in cemented blocks with 

seven treatments having different levels of ECiw (2 and 3.5dS m-1) and RSC (2.50, 3.75 and5 me L-1). All there 

corded attributes like plant height (8.26%), number of leaves plant-1(16.06 %), biomass yield(13.69 %), bulb 

weight(8.75 %), bulb diameter (10.92%) and bulb yield (13.30%) significantly decreased in T7 (ECiw = 3.5 dS m-1 

+ SAR = 5 me L-1)in comparison with control. Also this Higher level of ECiw and RSC as in T7 (ECiw= 3.5dS m-1 + 

SAR = 5 me L-1) showed more detrimental affects on soil properties and proved more hazardous for garlic plant. 
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Introduction 

Currently world population growth rate is 2 percent 

and it is estimated that after every 35 years water 

need will be doubled to the present. (Naeimi and 

Zehtabian, 2011). Therefore in arid to semi arid 

regions not land but shortage of good quality water 

will limits agricultural production.  

 

Situation is getting worse as good quality irrigation 

water supplies are expected to decrease in future and 

new water resources will not keep pace with the 

increasing water demands from nonagricultural 

sectors (Ostera, 1994).  

 

In Pakistan, 86 million acre foot (MAF) of river water 

is diverted into irrigation canals (GOP, 2002). Due to 

increased cropping intensity, more agricultural 

demand and drought condition, seemingly enormous 

amount of irrigation water could not keep pace with 

the crop water requirement. This necessitated the 

development of unconventional water sources in 

addition to the efficient use of existing ones. 

Therefore, ground water is being pumped to meet 

crop water requirement. To overcome this problem, 

inadequate supplies of water can be augmented with 

tube well water, however, 70-80 % tube wells pumped 

the water of poor quality (Latif and Beg 2004; 

Murtaza et al. 2009). So it is imperative that 

agricultural user must rely on this poor quality water 

to suuply food and fiber for a growing population 

(Elagib, 2014; Guo et al., 2014). Therefore, exploring 

the salinity tolerance potential of high value 

marketable horticultural crops is justification for 

consideration of such species in systems as they 

require high inputs of water. 

 

Garlic (Allium sativum L.) belongs to the family 

Alliaceae and is the 2nd most extensively grown bulb 

crop after onion (Hamma et al., 2013). In recent 

years, cash value of the garlic crop has augmented 

greatly in the whole world. It is cultivated for 

domestic use as well as for export purpose by many 

peasant farmers in many parts of countries (Getachew 

and Asfaw, 2000). In pakistan during 2011-12, garlic 

production was 1698.1 tonnes with a total area of 

172.4 thousand hectare (GOP, 2012). 

 

Threshold salinity of garlic is 3.9 dS m-1 and 50% 

yield reduction occur at 7.4 dS m-1 (Francoi, 1994). 

Amorim et al. (2002) studied the effect of five 

different salinity levels of brackish water ranges from 

0.6 to 3.0 dS m-1 on growth and yield characteriscts of 

garlic plant at 30, 60, 90 and 120 days after planting. 

They reported that initial growth up to 30 days and 

bulb formation stage of garlic plants was relatively 

tolerant to salinity. However last 30 days of crop cycle 

were most sensitive to salinity. El-Fadel and 

Mohamed (2013) studied the effect of saline water i.e 

1500, 2500 and 3500 mg L-1 on two garlic varieties 

namely Sids 40 and Baladi. They founds that Baladi 

was salt tolerant as compared to Sids 40 and 

irrigation with brackish water of 3500 mgL-1 

significantly decresed the vegetative growth and yield 

of both tested cultivars. Similarly, Mangal et al. 

(1990) reported that salinity tolrence of garlic plants 

depends upon its genotype and 50% yield reduction 

occurs at 5.60 to 7.80 dS m-1.Al-Safadi and Faoury 

(2004) evaluated the salinity tolerance of 25 garlic 

cultivars at five differnts culture media containing 

different concentralions of NaCI and CaCl, (0 and 0, 

17 and 9, 34 and 18,51 and 27,68 and 36 mM, 

respectively). They reported the Klsswany and 

Hungary as most tolerant cultivars to salinity however 

high concentrations of the two salts resulted a 

significant decreased in vegetitave growth. Shiyab 

(2017) quantified the effect of 0, 50, and 100 

mMNaCl on two marketable garlic cultivars namely 

Jordan and California. He reported that fresh weight 

reduced to 10 and 14% in cv. Jordan and California 

respectively when exposed to 100 mM of NaCl as 

compared to the control. 

 

So keeping the above facts in consideration, current 

study was planned to investigate the salinity/sodicity 

tolerance potential of garlic when irrigated with 

brackish water of various salinity and sodicity levels. 
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Materials and method 

A two years study was conducted from 2012 to 2014 

at Soil Salinity Research Institute, Pindi Bhattian, 

Pakistan to evaluate the effects of differnt ECiw and 

RSC levels of irrigation water on garlic plant. 

Treatment used were; T1 = Control (Fit water), T2= 

ECiw2.0 dS m-1& RSC 2.50 me L-1, T3=ECiw 2.0 dS m-

1& RSC 3.75 me L-1,T4=ECiw 2.0 dS m-1& RSC 5.00 me 

L-1, T5=ECiw 3.5 dS m-1& RSC 2.50 me L-1, T6=ECiw 3.5 

dS m-1& RSC 3.75 me L-1 and T7=ECiw 3.5 dS m-1& 

RSC 5.00 me L-1. A normal soil was selected and 

analyzed for ECe(2.04 dS m-1), pHs (7.90), SAR (8.60 

mmol L-1)1/2andtexture(loam). Collected soil was 

filled in cemented blocks (180 cm length×120 cm 

wide×90cm height). Cloves of garlic cultivar (Lehsin 

Gulabi) were planted in 1st week of November, 

keeping plant x plant and row x row distance of 10 

and 20 cm respectively. Experimental design was 

Completely Randomized Design (CRD) having three 

replications. The recommended dose of NPK was 

used @ 125-60-60 kg ha-1 in the form of urea, single 

super phosphate (SOP) and sulphate of potash (SOP) 

respectively. Half nitorogen and full dose of 

phosphorus and potash was applied at sowing time 

while remaing half nitrogen was applied after 50 days 

of sowing. Desired combination of ECiw and RSC of 

irrigation water were developed artificially in each 

season by using salts of CaCl2, NaCl, MgSO4 and 

Na2SO4, as calculated by quadratic equation (Ghafoor 

et al., 1988). Measured quantity of irrigation @ 182 

L/ block was applied according to treatments plan 

and crop requirement. All the standard agronomic 

management practices were adopted. Crop was 

harvested at physiological maturity and following 

growth and yield parameters were recorded: plant 

height (cm), number of leaves plant-1, biomass yield 

(t. ha-1), bulb weight (g), bulb diameter (cm) and bulb 

yield (t. ha-1). The data collected was subjected to 

analysis of variance according to Steel et al. (1997) to 

calculate the least significant differences (LSD) 

among treatments means at 5% probability level 

using STATISTIX 8.1 package software. 

 

Results 

First season (2012-13) 

Results of all the studied parameters during first 

season (2012-13) exhibited that ECiw and RSC had 

negative impact on growth and yield characteristics of 

garlic plant.  

 

Table 1. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on plant height (cm), 

number of leaves plant-1 and biomass yield (t.ha-1) of garlic (2012-13). 

Treatments 

   EC: RSC 

Plant Height(cm) Percent decrease LeavesPlant-1 Percent decrease/ 

incease over control 

Biomass             (t.ha-1) Percent decrease/ 

increase over control 

T1(Fit water) 72.67 A - 10.33 AB - 15.85 A - 

T2 (2.0:2.50) 71.00 AB 2.30 10.67 A 3.29 16.09 A 1.51 

T3(2.0:3.75) 72.00 A 0.92 10.00 AB 3.19 15.98 A 0.82 

T4(2.0:5.00) 70.67 AB 2.75 11.00 A 6.48 15.63 A 1.39 

T5(3.5:2.50) 71.00 AB 2.30 10.33 AB - 15.98  A 0.82 

T6(3.5:3.75) 68.33 BC 5.97 8.67 B 16.06 14.42 B 9.02 

T7(3.5:5.00) 66.67 C 8.26 8.67 B 16.06 13.68 C 13.69 

Different letters in the same column indicate significant differences by LSD at P ≤ 0.05. 

Data presented in (Table 1) showed that maximum 

plant height (72.67 cm) was obtained in T1 (fit water) 

however differences between plant height of 

treatments T1, T2,  T3, T4  and  T5 were insignificant (p 

< 0.05). But at the same time plant height 

significantly decresed with highest level of ECiw and 

RSC and minimum plant height (66.67 cm) was 

observed in T7 (ECiw 3.5 dS m-1& RSC 5 me L-1).With 

respect to number of leaves plant-1, maximum 

number of leaves (10.67) were noted in T4 (ECiw 2 dS 

m-1& RSC 5 me L-1),however, statistically (p < 0.05) it 

was non significant with control and lower level of 

ECiw upto 2 dS m-1(Table 1). But with increasing levels 

of ECiw significant decrease in number of leaves was 
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observed and minimum number of leaves (8.67) were 

observed in T7 with ECiw 3.5 dS m-1& RSC 5 me L-1 of 

irrigation water. Similar trend was observed in 

biomass yield(Table 1), T2 produces maximum 

biomass yield of16.09 t.ha-1 which was at par with 

control and lower level of ECiwupto 2 dS m-1. However 

increasing levels of ECiw and RSC significantly 

decreses the biomass yield and minimum biomass 

yield (13.68 t.ha-1) was recoreded at highest 

intensities of ECiw 3.5 dS m-1& RSC 5 me L-1.  

Data in Table 2 depicted that slightly brackish water 

had positive effect on yield and yield attributes of 

garlic during first season, however with increasing 

levels of ECiw& RSC yield is significantly affected. 

Maximum bulb weight (20.01 g) was obtained in T2 

which was statistically at par with control and lower 

level of ECiwupto 2.5 dS m-1.  

 

Table 2. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on bulb weight (gm), bulb 

diameter (cm) and bulb yield (t.ha-1) of garlic (2012-13). 

Treatments 

   EC: RSC 

Bulb weight (gm) Percent decrease/ 

increase over control 

Bulb diameter (cm) Percent decrease/ 

increase over control 

Bulb yield 

    (t. ha-1) 

Percent decrease/ 

increase over control 

T1(Fit water) 19.78 AB - 04.03 A - 9.10   A - 

T2 (2.0:2.50) 20.01 A 1.16 04.02 A - 9.13   A 0.32 

T3(2.0:3.75) 19.96 AB 0.91 03.95 AB 1.98 8.98   A 1.32 

T4(2.0:5.00) 19.79 AB 0.05 03.89 AB 3.47 8.90   A 2.20 

T5(3.5:2.50) 19.68 B 0.50 03.81 BC 5.46 8.87   A 2.53 

T6(3.5:3.75) 18.76 C 5.16 03.65 CD 9.43 8.28   B 9.01 

T7(3.5:5.00) 18.05 D 8.75 03.59 D 10.92 7.89   C 13.30 

Different letters in the same column indicate significant differences by LSD at P ≤ 0.05. 

At higher level of ECiw a significant decrease in bulb 

weight was recorded and minimum bulb weight 

(18.05) was observed with ECiw 3.5 dS m-1& RSC 5 me 

L-1. Same tendency was observed in bulb diameter 

(Table 2), data revealed that maximum bulb diameter 

(4.03 cm) was noted in control (T1) which was 

statistically (p < 0.05) similar to T2,  T3, T4  and  T5 

while further increased in salinity significantly 

decreses the bulb diameter and minimum bulb 

diameter (3.59 cm) was recorded with ECiw 3.5 dS m-

1& RSC 5 me L-1. Results regarding bulb yield (Table 

2) indicated that peak value for bulb yield (9.13 t ha-1) 

was recordedinT2which was statistically similar to T1, 

T3, T4 and T5. While highest level of salinity i.eECiw 

3.5 dS m-1& RSC 5 me L-1 produces minimum bulb 

yield of 7.89 t. ha-1. 

 

Table 3. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on plant height (cm), 

number of leaves plant-1 and biomass yield (t.ha-1) of garlic (2013-14). 

Treatments 

   EC: RSC 

Plant Height 

(Cm) 

Percent decrease/ 

increase over control 

Leaves Plant-1 Percent decrease/ 

increase over control 

Biomass              

(t.ha-1) 

Percent decrease 

/increase over control 

T1(Fit water) 70.00 A - 11.67 A - 15.21 A - 

T2 (2.0:2.50) 68.00 AB 2.85 10.33 AB 11.48 14.43 B  5.13 

T3(2.0:3.75) 67.33 B 3.81 09.67 BC 17.14 13.49 C 11.31 

T4(2.0:5.00) 64.00 C 8.57 09.00 BC 22.88 11.52  D 24.26 

T5(3.5:2.50) 67.00 B 4.28 09.00   B C 22.88 11.71  D 23.01 

T6(3.5:3.75) 62.00 CD 11.43 08.00 C 31.45 09.46 E 37.80 

T7(3.5:5.00) 60.33 D 13.81 08.00 C 31.45 08.22  F 45.96 

Different letters in the same column indicate significant differences by LSD at P ≤ 0.05. 

Second season (2013-14) 

A quick glance on data of second year showed that 

there is negative correlation between growth 

characteristics of garlic plants and increasing levels of 

water salinity (Table 3). In T1 (control) maximum 

plant height was obsereved which decreased 

significantly with increasing salinity and sodicity 

levels i.e.13.81% reduction over control was observed 

at highest intensities of ECiw 3.5 dS m-1& RSC 5 me L-

1. Data regarding number of leaves plant-1indicated a 
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dwindling trend with increasing ECiw& RSC of 

irrigation water and produced more deleterious effect 

in T6and T7with 31.45 % reduction over the 

control(Table 3). Biomass yield also followed  the 

same trend pertaining to deleterious effect of salinity, 

differences among the brackish water treatments was 

statsistically significant and magnitude of reduction 

was more evidenced in T7(Table 3). Compared with 

control biomass decrease of 37.80 and 45.96% was 

observd in T6 and T7 respectively. 

 

Table 4. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on bulb weight (gm), bulb 

diameter (cm) and bulb yield (t.ha-1) of garlic (2013-14). 

Treatments 

   EC: RSC 

Bulb weight (gm) Percent decrease/ 

increase over control 

Bulb diameter 

(cm) 

Percent decrease/ 

increase over control 

Bulb yield (t. ha-1) Percent decrease/ 

increase over control 

T1(Fit water) 19.21 A - 03.83 A - 8.72   A - 

T2 (2.0:2.50) 18.81 B 2.08 03.65 B 4.70 8.39   B 3.78 

T3(2.0:3.75) 17.40  C 9.42 03.47 BC 9.40 7.58   C 13.07 

T4(2.0:5.00) 15.70 D 18.27 03.18 D 16.97 6.63   D 23.96 

T5(3.5:2.50) 15.81 D 17.70 03.39 C 11.49 6.79   D 22.13 

T6(3.5:3.75) 13.37 E 30.40 02.91 E 23.76 5.41    E 37.96 

T7(3.5:5.00) 12.98  F 32.43  02.78 E 27.41 4.75    F 45.52 

Different letters in the same column indicate significant differences by LSD at P ≤ 0.05. 

Results regarding bulb weight showed that T1 

produces significantly (p < 0.05) greater (19.21 g) 

bulb weight that decreased gradually with increasing 

ECiw and RSC, acquiring to a minimum value of 

(12.98 g ) in T7(Table 4). Bulb diameter also decresed 

consistently and significantly by the increase in ECiw& 

RSC of irrigation water. Highest reduction of  27.41% 

in bulb diameter  was noted in T7over control(Table 

4). There was also continuous decreased in bulb yield 

with increasing levels of ECiw and RSC of irrigation 

water. Maximum bulb yield (8.72 t ha-1) was produced 

by T1 (control) which dwindled to (4.75 t. ha-1) with 

highest level of salinity i.eECiw 3.5 dS m-1& RSC 5 me 

L-1. When compared with the control yield reduction 

of 3.78%, 13.07%, 23.96%, 22.13%, 37.96% and 

45.52% was noted for T2, T3 T4, T5, T6 and T7 

respectively(Table 4). 

 

Soil properties 

Data of soil analysis showed that continuous use of 

brackish water negatively affect the soil chemical 

properties and effect was more noticeable in second 

season(Table 5 & 6).  

 

Table 5. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on soil chemical properties 

(2012-13). 

Treatments 

   EC: RSC 

pH Percent decrease/ 

increase over initial value 

ECe( dS m-1) Percent decrease/ 

increase over initial value 

SAR  (mmolL-

1)1/2 

Percent decrease/ 

increase over initial value 

T1(Fitwater) 7.92 0.25 2.10 2.94 8.7 1.16 

T2 (2.0:2.50) 7.98 1.01 3.08 50.98 10.44 21.39 

T3(2.0:3.75) 8.10 2.53 3.03 48.52 12.94 50.46 

T4(2.0:5.00) 8.23 4.17 3.05 49.50 15.08 75.34 

T5(3.5:2.50) 8.05 1.89 3.87 89.70 11.24 30.69 

T6(3.5:3.75) 8.19 3.67 3.95 93.62 15.88 84.65 

T7(3.5:5.00) 8.35 5.69 3.92 92.15 17.56 104.18 

 

Soil salininty indicators like pHs, ECe and SAR 

increased linearly with increasing levels of ECiw& RSC 

of irrigation water and maximum increase was 

recorded with highest level of salinity inT7 i.eECiw 3.5 
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dS m-1& RSC 5 me L-1.When compared with the initial 

value, a increase of 5.69%, 92.15%, 104.18%,  was 

observed in pHs, ECe and SAR respectively in T7 

during the first season (2012-13). While at the end of 

study in 2013-14 this increased was 10%, 241.66%, 

324.18%,  inpH, ECe and SAR respectively in T7(Table 

5). 

 

Discussion  

Growth and development of various plant species 

depends on its mechanism or resistance to grow 

under unfavorable environment (Zivkovic, 2007). Use 

of brackish water has negative effect on soil–water–

plant relations, generally suppress the normal 

physiological activities and productivity of the crops 

(De Pascale et al., 2013; Plautet al., 2013).  Vegetables 

are consider sensitive to moderatively sensitive 

against salinity (Shannon and Grieve, 2000).Results 

of our study showed that applied levels of ECiw and 

RSC of irrigation water were found to induce a severe 

diminution in growth and yield characteristics of 

garlic and deleterious effects were more evident with 

highest level of salinity and sodicityi. eECiw 3.5 dS m-

1& RSC 5 me L-1.Plant height decreased linearly with 

increasing levels of ECiw and RSC of irrigation water 

and reduction was more pronounced in second 

season ranges from 2.85% to 13.81% over the control. 

Irrigation with brackish water increased the root zone 

soil salinity.  

 

Table 6. Effect of different levels of EC (dS m-1) and RSC (me L-1) of irrigation water on soil chemical properties 

(2013-14). 

Treatments 

   EC: RSC 

pH Percent decrease/ 

increase over initial value 

ECe(dSm-1) Percent decrease/ 

increase over initial value 

SAR  (mmolL-1)1/2 Percent decrease/ 

increase over initial value 

T1(Fit water) 7.95 0.63 2.19 7.35 8.78 2.09 

T2 (2.0:2.50) 8.14 3.03 4.67 128.92 14.76 71.62 

T3(2.0:3.75) 8.3 5.06 4.75 132.84 23.44 172.55 

T4(2.0:5.00) 8.57 8.48 4.71 130.88 30.52 254.88 

T5(3.5:2.50) 8.21 3.92 6.85 235.78 16.28 89.30 

T6(3.5:3.75) 8.47 7.21 6.89 237.74 29.84 246.97 

T7(3.5:5.00) 8.69 10.00 6.97 241.66 36.48 324.18 

 

This stunted palnt growth in hyper saline 

environment may be corelated to more negative 

osmotic potential (Tester & Davenport, 2003) 

nutritional imbalance, uptake of toxic (Na+ and Cl-), 

water defecit, alteration in certain hormonal 

activities, oxidative stress  andretarding the 

mobilization rate of metabolites (Moosavi et al., 

2013).Stunted plant growth as a result of saline 

conditions  has been stated in several plant species 

(Al-Khateeb, 2007; Turan et al., 2009) which 

reinforced the findings of this study. 

 

Number of leaves plant-1 and biomass yield were also 

decreased with increasing salinity and sodicity of 

brackish water which could be attributed to that 

saline conditions adversely affect water absorption 

due to a reduction in cellular permeability (Mansour 

and Stadelmann, 1994), leading to more negative 

water potential in plant and ultimately reduces the 

meristematic activity and cell elongation (Dorgham, 

1991) and eventually reduces the number of leaves 

and biomass. In most of cases soil solution salinity of 

1.9 dS m-1 is sufficient to cause significant decrease in 

biomass (Zeng & Shannon, 2000).Reduction in 

biomass due to salt stress was also previously 

reported by many researchers (Mensah et al., 2006; 

Sadat-Noori, 2008)which are in agreement with these 

results. 

 

It is clear from yield data that root zone salinity had 

meaningfully (p> 0.05) adverse effect on bulb weight 

and diameter and reduction was more remarkable 

with increasing ECiw and RSC particularly at higher 

level i.eECiw 3.5 dS m-1& RSC 5 me L-1. Salinity 

resistance at early growth phase is necessary for 

development of vigorous plants which can tolerate 
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toxic salt concentration at later growth stages. The 

reduced bulb weight and diameter could be ascribed 

to the toxic concentration of Na+ and Cl- in cellular 

tissue which can cause changes in plasma membrane 

structure (Wang et al.,1997) damages the cell 

metabolism, reduces the activities of photosynthetic 

enzymes like Rubisco and PEP-carboxylase, prevents 

protein synthesis (Yang et al., 2002) and 

subsequently the decreases thebulb weight of garlic. 

Furthermore bulb yield was substantially lowered 

with high levels of salinity and sodicity of irrigation 

water. Different plant physiological processes are 

disturbed by high salinity (Taffouo et al., 2004) 

thickness of the assimilate conducting canal is 

decreased (Aldesuquy and Ibrahim, 2001) and leaves 

start acting as sinks instead of sources (Arbona et al., 

2005).  

 

This suppress the movement of assimilate to the 

developing reproductive organs and thus can be held 

responsible for the observed decrease in the bulb 

yield. These results are in agreement with earlier 

findings (Andriolo et al. 2005; Unlukara et al., 2008; 

Kim et al., 2016). They reported that decrease in crop 

yield with increase in salinity of irrigation water was 

due to disturbances in physiological and biochemical 

activities under saline conditions. 

 

Soil analysis data showed that soil chemicals 

properties were negetaively affected by use of 

brackish water. Sharp increase in soil pHs, ECe and 

SAR was due to accumulation of more soluble salts 

and Na+ which deteriorate the soil properties and 

negatively affect the crop production (Murtaza et al. 

2009). 

 

Conclusion  

The findings of this study elucidated that cumulative 

stress of ECiw and RSC of irrigation Medicago sativa 

reduces the growth, yield and yield components of 

garlic plant as compared to control. Magnitude of 

reduction increased with increasing levels of salinity 

and sodicity and T7 (ECiw = 3.5 dS m-1 and RSC = 5.0 

me L-1) proved more hazardous than all other 

treatments.  

Therefore further investigations are recommended 

with reference to efficient utilization of brackish water 

for fruitful commercial cultivation of garlic according  

to different EC iwand RS Cvalues. 
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